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©An evacuated flat panel device compnses an 
envetope including a face plate (1). an anode (3) and 
a fluorecent layer (5). Depoated on the back plate 
(11) are cathode (9) and a phiraTrty of stmts (S) for 
passing a mfcro current between etecfrodes In order 
to prevent an unfavorable spark discharge from tak- 
ing place between the electrodes (3) and (9). 
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nJVT PANEL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 



(RehJ of the Invention) 

The present invention generally relates to a flat 
panel display devfce having electrodes and lumi- 
nous layer. TWs invention may be embodied, for 
example, in a television receiver set or a calculator, 
but il wiH be appreciated that it is also useful in 
other appRcations. 



(Descrif^ of the Prior Art) 

Many of the patents issued in various countries 
recognize the need for employing a support inside 
the evacuated flat panel display device in order to 
make the display device vyithstand the atmospheric 
pressure. 

For example, U.S. Patent No. 4145633 virhich 
was issued to Peters et al. on March 20, 1979 is 
typical of such systems as are U.S. Pat No. 
4341980 wrhich was issued to Noguchi et al. on 
July 22. 1982; US. Patent No. 4356427 which was 
issued to Noguchi et al. on October 26. 1882; U.S 
Patent No. 4622492 vrfiich was issued to Barton on 
November 11. 1986; and U.S. Patent No. 4900981 
which was issued to YamazaW et al. on February 
13. 1^. (conesponding to the Japanese Laid- 
open Patent PubRcation No. 62-147635, published 
July 1. 1987) 

Rg. 1 comprised of Rgs. 1A and IB shows the 
support which U.S.Patent No. 4145633 disctoses. 
In this patent, a pturafily of spaced, parallel, sub- 
stantially semi-cynndrical beads 132 of a rigid ma- 
terial are cfisposed on one surface of face plate 131 
and are sunounded by the phosphor plate. Each of 
beads 132 fits in the groove 134 defined in a metal 
strut 133 to avoid a lateral movement of the elec- 
trode. One end of each metal strut 133 opposite to 
the groove 134 is directly comf^essed into the 
support 136 of insulatfve materia! such as glass 
through a respecthre hole defined in the shadow 
mask 135. The phosphor plate, the metal strut 133 
and the shadow mask 135 are appOed the same 
voltage. However, a'nce this panel has a constnx> 
fion wf^eln a contact to the control electrodes 
having tower voltage than that of shadow mask 135 
is made through insirfating support 136. it is not 
permitted to aK>ly a reqirfred high , voltage to this 
panel due to the tendency of a spark discharge to 
occur through support 1 38. 

Furthennore, because this support 136 is con- 



nected to the phosphor plate through the metal 
strut 133. unless an electrode having substantially 
same voltage between shadow mask and phosphor 
ptete exists, the electron beam may be deflected 
5 out of its mended tra|ectc^ under the influence of 
voltage of the support. 

Fig. 2 shows the support vrfiich U.S.Patent 
Nos. 4341980 and 4356427 disctose. Between met- 
al back layer 43 on fluorescent layer 144 and thinJ 
70 electrode 141 among a flat electrodes, a cyfincfrical 
insulator 142 as support is arranged. According to 
U.S. Patent Nos. 4341980 and 4356427 which spe- 
cifically disclose the property required for supped 
142. If this support 142 Is made of a well-known 
75 glass material, the support 142 wlO tose an insulat- 
ing property because the dielectric property Is 
towered with tinr»e. Therefore, this patent suggests 
the use of non^alkafine glass as material for the 
support. However, the use of glass of such a spe- 
20 dal composition costs much disadvantageously. In 
addition, the necessity of the support being pro- 
cessed to assume a rod-like configuration with the 
use of glass of the special composition renders tl^ 
cost to increase. Furthermore, it is inevitat>le for the 
25 rod-lrke support to be thinner as the pitch between 
each neighboring pixels on fluorescent layers is 
reduced. This in turn narrows the electrode-to-elec- 
trode distance, resulting in a reduction in break- 
down voltage characteristic. 
30 Fig. 3 comprised of Figs. 3A and 3B shows the 

stmts disclosed In U.S.Patent No. 4622492. The 
envelope of flat panel display device is dhrided into 
a number of modules by means of reinforcement 
partitions 151. These partitions 151 made of elec- 
35 trie Insulator have a portion of deflection electrodes 
152 and contact the display screen 153. This in- 
vention is featured in the envelope having a V- 
shaped concave groove on It's outer surface to 
make the partitions 151 substantially inviabte. How- 
« ever, the dsplay panel of thii patent can not be 
appRed a required high potential for the same 
reason as that discussed in connection with US 
Patent No. 4145633. 

U.S. Patent No. 4622492 also discloses an 
<5 embodiment of a gas discharge panel. However, 
this gas discharge panel has a problem in that a 
discharging ability can not be maintained stably 
due to its construction having the reinforcement 
partitions made of electric insulator. 
so Fig. 4 shows the support disclosed rn 
U.S.Palent No. 4900981. This support 161 com- 
prises a supporting plate 162 and a supporting rod 
163 which laces a fluorescent layer 165 on a face 
plate 164. Because supporting rod 163 made <rf 
metal is applied the same potential as a high 
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voRage appfied to a fluorescent layer 165, ttiere win 
be no spark discharge available. Howevw, a spark 
discharge t^ plK» so often around deflectir»g 
electrodes formed on supporting plate 162 made of 
electrfc insulator. Especially between electrodes to 5 
wNch substantially same voRage as that applied to 
fluorescent layer 165 and adjacent electrodes, a 
spark discharge occurs remarkably. 

Large-sized flat panel display devices of the 
prfor art emptoy supports arranged inside the panel to 
to hold and prevent the panel from undergoing an 
imptosion by the effect of atmospheric pressure. 

However. These supports made of insulator are 
difficult to maintain a sufficient voltage breakdown 
cfiaracteristic sirK^e those supports are posfttor^ is 
between an electrode stsdh as a fluorescent layer, 
applied with a high voltage, and an electrode such 
as a electrode fadng the fluorescent layer to which 
a voltage tower than that high voltage is applied. It 
is too hard to reaTtze a insulator provkjing a suffi- zo 
dent distar)ce between each electrodes and rK> 
visual damage by its own shadow to the display 
screen. 

25 

SUMMARY OF THE INVENTION 



The present Invention has been devek)ped with 
a view to substantially eliminating the aix>ve dis- 30 
cussed problem inherent in the prior air flat panel 
display devices and is intended to provide an im- 
proved fiat panel device wherein means is provided 
to avoid a possible damage on not only lumirK>us 
layer and electrodes but also the entire device 36 
whfch would otfierwise be caused by a spark dis- 
cftarge between members with high electric poter>- 
tial differecKe. 

In order to accomplish this object, the present 
invention provides a flat panel display devfce whrch 4o 
comprises a luminous layer, electrodes, conductive 
support struts and casing Ixxiy. 

According to the present invention, the conduc- 
tive support stnjts focated on at least one of two 
opposite surfaces of plate members are designed 4S 
to substantially eliminate electric spark discharge. 
Preferably, each conductive support strut is made 
of glass notorial so as to define a generally conical 
dot sfiape or bead-Kke shape. 



BRIEF DESCRIPTION OF THE DRAWINGS 



This and otf>er objects and features of the 65 
present Invention win readily be understood from 
tfie folkwing description taken In conjunction with 
preferred embodiments thereof with refererrc© to 
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tf» accompanying drawings, in which: 

Rg. 1A shows a fragmentary sectional view of a 
portion of one of the prior art panels. 
Fig. IB shows a fragmentary sectional view 
sfiowing, on an enlarged scale, a portion of Rg. 
1 A wfiich is encbsed by the drde. 
Rg. 2 shows a fragmentary sectional view of a 
portion of another one of the prior art panels. 
Rg. 3A shows a perspective view. wNch a por- 
tion removed, of still another or>e of tfie prior art 
panels. 

Rg. 3B shows a fragmentary sectional view of a 
portion of Rg. 3A which is enctosed by the 
cirde. 

Rg. 4 sfK>ws a sectional view of a portion of a 
further one of the prior art panels. 
Rg. 5 shows a fragmentary sectional view of a 
flat panel display device according to a first 
emtxKiiment of ihe present invention. 
Rg. 6 shows a fragrT>entary sectional view of the 
flat panel display devk» according to a second 
embodiment of the present invention. 
Rg. 7 shows a fragmentary view, on an enlarged 
scale, of the flat panel display device of Rg. 6. 
Fig. 8 shows an exploded view of the flat panel 
display device of Rg. 6 with power drcuits. 
Rg. 9 shows a fragnr^entary view of a further 
modified flat panel display device according to a 
third embodiment of the present invention. 
Rg. 10 shows a perspective view sfiowing modi- 
fied intermediate electrodes which may be em- 
ptoyed in any one of if>e second and third 
embodiments of the present invention. 
Rg. 11 sfiows a plane view of the modified 
intermediate electrodes of Rg. 10. 
Rg. 12 sfiows a fragmentary sectional view of a 
fourth embodiment of the flat panel display de- 
vice of the present invention. 
Rg. 13 shovfs an exploded view, on an enlarged 
scale, showing a modification of the device of 
Rg. 12. 



DETAILED DESCRIPTION OF THE EMBODIflftENT 



Rrst Embodiment 

Refening to Rg. 5, a flat panel display device 
according to a first embodiment of the presertt 
invention is shown which comprises a face plate 1 
made of a transparent material, such as glass, an 
arK>de 3 deposited on the face plate 1, and a 
fluorescent member 5 deposited on the anode 3. 
The fluorescent memt>er 5 may be provided en- 
tirely over the anode 3 or in stripes. The flat panel 
display device furtf)er has a bade plate 11 also 
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made of glass and a'de walls 13 extending be- 
tween the fece plate 1 and back plate 11 and along 
the perimeta- c* the face and back plates so as to 
define an airtight hou^i^ by a seaBng member 15 
appHed at jointe between tf» face plate 1 and side 
wan 13, and also between the back plate 11 and 
side wall 13. 

Deposited on the back plate 1 1 are cathode 9 
and a pfurafity of struts S. Cathode 9 is formed by 
a metal embc^sed plate made of for example^ 
tangsten* molybdenum, and is used as a fieW emit- 
ter. According to the preferred emtxxjiment stmts 
S are formed by screen printing effected on the 
back plate 11. Thus, the tip of each strut S is 
rounded as shown in Rg. 5. Each strut may be so 
fomned as to have a shape of round projection as 
in a shape, of thimble or to have a shape elongated 
oval prt^ectfon as in a shape of semi-cylindrical 
beads. According to a preferred embodiment outer 
surface of each strut may be covered with a ma- 
terial SE ftMT enhancing the secondary ernissron of 
electrons, resulting in mumpfication of the electron 
beams, realizing brighter image on the display. The 
secondary emission material SE can be formed by 
glass through screen printing, resulting in simple 
manufacturing steps arwJ low manufacturing cost. 
. The height of each strut S is approximately equal 
to the height of side wall 13. Inside the housing 
defined by face and back plates 1 and 11 and side 
wan 13 Is vacuumed, so that by the atmospheric 
pressure, face and back plates 1 and 1 1 are forced 
towards each other, resultir>g in pressure contact of 
struts S against the anode 3. 

In operation, when a power is turned on, each 
cathode 9 emits electrons toward the facing anode 
3 In response to the voltage applied thereto. When 
emitted electrons Impinge on anode 3, fluorescent 
member 5 emits Dght so as to prowde an illuminat- 
ing image on face plate 1, ivhen viewed from a 
side in front of the face plate. 

Struts S made of electrk; conductive ma- 
terial, such as glass but containing PbO as the 
major elements by the technique of screen printing. 
According to the present invention, each strut S, 
particularty the surface layer thereof, has such an 
elecfrfc conductive characteristics that the specific 
resistance is set between 10^ to 10^** O'cm. Other 
materials such as Pd compounds, Ag compounds, 
RuOz compounds or Pt compounds can be used 
for forming the struts. For RuOz compound, 
Pbzf^Ck or BbHuzO? can be used. As the elec- 
tric potential between anode 3 and cathode 9 in- 
creases a smaD leakage current, such as 1 uA in 
total through all the struts, flows through the stmts. 
Thus, the eteclric potential accumulated between 
electrodes 3 and 9 will be maintained within a 
predetermined level, so that no spark discharge will 
take place between the electrodes 3 and 9. 



Second Embodiment 

Retiring to Fig. 6, a flat panel display device 
according to a second emtxxliment comf^*ses. face 
5 plate 1 on which a anode 3 and fluorescent merrv- 
ber (not shown) are deposited, a back plate 11 on 
wtiich a filament cathode structure 18 is supported 
by a suKatrle spring and a side wall 13 connected 
to face plate 1 and back plate 11 in an airtight 
TO manner. An airtight housing is defined by back 
plate 11 canying filament cathode 18 as the elec- 
tron beam source, face plate 1 and side wall 13. 
According to the second embodiment shown in Rg. 
6, face plate 1 further has stnits Sf and back plate 
IS 11 further has struts SB, which are rigklly mounted 
respective plates in a sinrular manner described 
above in conr^ection with Rg. 5, 

The struts Sf on face plate 1 extend parallel to 
each other with a predetermined pitch provided 
20 between the struts SB. Ukewtse the struts S on 
back plate 11 extend parallel to each other with a 
predetermined pitch provkied l>etween the struts 
SB. Furthermore the struts on face plate 1 and the 
struts on back plate 11 are in orthogonal relation- 
25 ship to each other. 

Provided in the housing, particularly between 
face plate 1 and back plate 11 is an intermediate 
electrode striicture 14, which according to the sec- 
ond embodiment comprises four beam control lay- 
30 ers G1, G2, 03 and G4, which are placed one over 
the other. 

Referring to Rg. 7, beam control layer G3 
comprises an insulation plate P3 having an upper 
surface deposited with elongated electrodes E3 
35 and a tower surface deposited wth elongated elec- 
trodes E3'. such that electrodes E3 and E3' extend 
in parallel to and in opposing relationship with each 
other. In tfnls embodiment, it is assumed that the 
direction in which the etongated electrodes E3 and 
40 E3 extend corresponds to horizontal scan direc- 
tion, as shown by an anrow H, and the direction 
perpendicular to ihe H direction Is vertical scan 
direction, as shown by an arrow V, 

A pfuraBty of Uirough holes 35 are provWed, 
45 each exteiKiing from electrode E3 through P3 to 
opposite electrode^ E3'. Through-holes' 35 are 
aligned along each electrode witii a predetermined 
pitch. Thus through holes 35 are aBgned in two 
orthogonal directions, l.e. the horizontal direction 
50 and tile vertical direction. Furthermore, beam cor>* 
trd layer 63 has struts S3 mounted on the upper 
surface of the insulation plate P3 crossing elec- 
trodes E3 and extending in the vertical direction 
witii a predetermined pwtch, but orthogonal to the 
55 electrodes E3, whfch extend in tt)e horizontal (Erec- 
tion. Struts S3 are positioned between a Dne along 
which holes are vertically aligned and another Rne 
along which adjacent boles are vertically aligned. 
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so that struts S3 do not cover any of the through 
holes 35. 

Similarly, l>eam control teyer G3 has struts S3, 
mounted on the lovrer surface of the insulation 
plate P3 etectrodes E3' and extending in the verti- 
cal direction with a predetermined pitch. Since 
struts S3 are positioned in opposing relationship 
wttti struts S3, ttie through-holes will not be cov- 
ered t>y the struts S3'. Thus, both struts S3 and 

53 extend in the vertical direction for the beam 
control layer 63. 

Other beam control layers G1, G2 and 64 are 
fomied in a similar manner to t>eam control layer 
63. 

The beam control layer 64 is placed w» the 
face plate 1 such that the struts Sf mounted on 
face piate 1 intercepts perpendicularly with respect 
to the stmts S4 provided in the b»eam control layer 
64 with rounded tips thereof being held in contact 
with each other. 

Similarly, the beam control layer 63 is placed 
on the beam control layer G4 such that the struts 

54 of layer 64 intercepts perpendicularly to the 
struts S3 provided in the beam control layer 63 
with rounded tips thereof toeing held In contact with 
each other. 

Likewise the beam control layer 62 is placed 
on the beam control layer 63 such that the struts 
S3 of layer 63 intercepts perpendicularly to the 
struts S2 provided in ibe beam control layer 62 
with rounded tips thereof being held In contact with 
each other. Furthermore, the t>eam control layer 61 
is placed on the beam control layer 62 such that 
the struts S2 of layer 62 intercepts perpendicularly 
to the struts Si (xovided in the beam control layer 
61 with rounded tips thereof being held in contact 
with each other. 

Rnally, beam control layer 61 is placed imme- 
diately under the back plate 11 such that the struts 
SB mounted on back plate 11 Irttercepts perper>- 
dicularfy with respect to the struts Si' pn>vlded in 
the beam control layer 61 with rounded tips there- 
of being heki in contact with each other. Inside the 
housing defined by face and back plates 1 and 11 
3n6 side wall 13 is vacuumed, so that by the 
atmospheric pressure, face and t>ack plates 1 and 
11 are forced towards each otf^, resulting in pres- 
sure contact of struts, such as between SB arxl SI, 
Si' and S2, S2' and S3, and so on. 

As Shown in Rg. 8, a cathode driver 21 is 
connected to cathode 18; back plate voltage source 
23 is connected to a back plate electrode provided 
on the back plate 11; 61 voltage source 25 is 
connected to electrodes provided in beam control 
layer 61; 62 driver 27 is connected to etectrodes 
provided in beam control layer G2; 63 driver 29 is 
connected to electrodes provided in beam control 
layer 63; 64 voltage source 31 is connected to 



electrodes provided in beam control layer 64; arxJ 
anode vohage source 33 is connected to anode 3 
provided on the face plate 1. RirthemK>re, all the 
drcuite 21. 23, ^, 27, 29. 31 and 33 are cwinected 

5 to a signal generator 19B which is in turn con- 
nected to a power source 19A. 

In operation, wt>en a power Is turned on, eat^ 
filament cathode 18 emits a phiraBty of electron 
beams dh^ersely in response to the voltage applied 

10 between bade plate electrode and inlermecfiate 
electrode 6 1 . The electrons are transmitted 
through-holes 35. The electron Ijeams are con- 
trolled by modulation electrode 62, having a plural- 
ity of strip electrodes extending in valfcal direction 
15 V to which a displaying agnal for each pixel is 
applied. 

FurthermoB, electron beams are controlled by 
layer G3 in association with driver 29 such that one 
electrode of a plurality of electrodes in layer 63 

20 extending in horizontal direction H is applied with a 
voltage from driver 29 so as to permit an electron 
beam to pass therethrough the through-holes 35 
provided along said or^ electrode and also to 
prevent electron beam to pass through other 

2s through-holes 35 provided along electrodes other 
than said one electrode. 

Thereafter, electron t»eams are further con- 
trolled by layer G4 such that the electron beams 
are converged and focused on a suitable spot 

30 having a predetermined diameter within the fluores- 
cent member to produce an image on the face 
plate 1. 

Other than the layers 61 to 64 described 
above, it is possible to provide a further control 
35 layer to suitably deflect the electron beams. 

Since struts SB, SI. Si', S2. S2\ S3, S3', S4, 
S4, and SB are made of electric conductive ma- 
terial in the same manner as that described above 
in connection with Rg. 5, a small leakage current 
4o flows through the struts. Thus, the electric potential 
accumulated between the facing electrodes, such 
as anode 3 and electrode E4' will be maintained 
within a predetermined level, so that- no spark dis- 
charge will take place between the electrodes 3 
45 and E4 , or between any other facing electrodes. 

In the case when the fadr^ electrodes have 
relatively low electrfc potential thereljetween, i.e., 
where there is less possibiPity of producing the 
spark discharge, it is possible to exchange some of 
50 the electrically conductive struts with electrfcalfy 
non-conducive spacers to be used between such 
electrcKles. 

Furthermore, in Ihe secorKi embodiment, it is 
so described that the struts are provided cm both 
55 surfaces of each of beam control layer so as to 
obtain a sufficient distance between the layers, but 
can l)e so arranged that the struts may be provided 
on only one surface of any of the beam control 
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tayer if sufficient distance can be obtained by the 
use of stmts on only one surface. 



Third Embodlmem 

Referring to Rg. 9, a flat panel display device 
according to a third embodiment is shown in which 
only the face plate 1 and two beam control layers 
G3 and G4 are shown, but the back plate and other 
beam control layers are omitted for the sake of 
brevity. 

In this embodiment, the flat panel display de- 
vice Is particularly for a color display device so that 
face plate 1 has the fluorescent member defined 
by black and color stripes 5B and 5A occurring 
altematwely, arKf the cotor stripes being varied, for 
example, in the order of red, green and blue. 
Furthermore, an aluminum sheet Is placed so as to 
cover both black and cotor stripes 5B and 5A. The 
black stripes 5B can be noade by the use of 
graphite. Instead of elor>gated struts Sf, a pluraBty 
of separated struts SSf are aligned in vertical direc- 
tion along and over the black strips so that color 
stripes 5A will not be hindered by any of the struts. 
Furthermore, the etongated .struts S4 provided in 
beam control layer G4 is also replaced with sepa- 
rated struts SS4 . 

Each strut is made from powder glass mainly 
containing PbO under the process of screen print- 
ing method. According to the prefened embodi- 
ment the separated strut has such a dimension 
that its width, length and height are about 100 urn, 
300um, and 100 um, respectively. In this case, the 
strut width is made approximately equal to the 
width of the black strip 5B. 

In order to form the separated strut having a 
size explained above, five to ten times of repetitive 
operation of screen printing is required. After each 
screen printing operation, drying process is per- 
fonmed. Thereafter, at the final stage of the screen 
printing, the deposited struts are sintered at about 
450 *C arid then are further sintered at about 300- 
550 *C under hydrogen atmosphere. The obtained 
struts will have such an electric conductive char- 
acteostfcs that the specffic resistance of the stnrt is 
between 10*^ to 10^<> fi*cm. 

The conductive surface layer of the strut is also 
effective as a secondary electron emitter. Some 
other ctmipound such as Pd-Ag compound, RuO? 
compound or Pt compound are also applicable for 
making the starts having conductive surface under 
screen printing. 

Addttionally, deposition of secondary electron - 
emitting material such as MgO on the surface of 
sint^ed strut can be appfied, resulting in such an 
advantage that the etectron beam cunent increases 
to eventually bcreasing the brightness of tfie im- 



age on the screen. 

According to the embodiment shown in Rg. 9. 
only the struts SSf on face plate 1 and the ^ruts 
SS4 on lower surface of beam control layer G4 are 
5 shown, but it is apparent to those skilled in the art 
that the simitar struts are mounted on other sur- 
face. 

ft is possible to make each struts smaller in 
length so that each struts has a shape similar to a 
10 thimble. Ftirthermore a pluraTrty of thimble shaped 
struts may be aPigned vertically and horizontally, or 
alternately, they may be provided at random. 

In operation electron beams 37 are guided 
through apertures 35 of layers G3 and G4 and 
15 impinge on fluorescent element 5A. The voltage 
applied to each electrode in larger G3 is approxi- 
mately less than 500 V, to each electrode in larger 
64 is approximately 1 to 2 KV, and to each thin 
film of aluminum layer Is approximately 3 to 5 KV. 
20 It is possible to form spurts S so as to have 

keen top through screen printing and sintering pro- 
cess. Struts S wHh such keen top aligned in horf- 
zontal and vertical directions will provide a spot 
contact, resulting in less flow of electrfc current, 
25 thus minimizing the power consumption of flat pan- 
el display device. 

It will be apparent to those skilled in the art that 
the present invention achieves a flat panel display 
device which can withstand the high potential be- 
so tween electrodes without a sparic discharge. 

Once a spark discharge takes place between 
the fluorescent layer arkf the beam control layer, 
the graphite thin film defining the black line 5B or 
fluorescent element 5A will diffuse, resulting in 
35 unrecoverable damaged of the flat panel display 
device. 

According to the present invention, since the 
fluorescent layer and the beam control layer make 
a spot contact wtwn placed one over tf>e crther, the 
4o current through the strut reduces the possibility erf 
producing the sparic discharge. Furthermore, since 
the cunrent flovring through the struts is relatively 
k3w, tf»e energy consumption of the flat panel dis- 
play device can be minimized. 
« Furtherrrwre, since struts formed on the flu- 
orescent layer are held In contact with struts 
fonned on the beam control layer G4, the struts on 
the beam control layer G4 win not be r^ld directly 
in contact whh the fluorescent layer. Thus, the 
50 quality of the display wiD not be reduced 

As struts are formed on the non-luminous part 
of the fluorescent layer, all the cfisplaying pixels 
orig^r^By formed on the fluorescent layer are en- 
sured for operatioa 
55 Refemng to Rg. 10, a modified beam control 
layer G is shown. According to this modification, 
the beam control layer g' has. Instead of through- 
holes 35, a plurality of sfits 35' extending parallel to 
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each other Struts S are provided on tf>e beam 
control layer portions between the sTits, With this 
modification, the positiorting of the beam contract 
layer G can be done with more freedom, partici>- 
larfy in the sfit extending cfirectton. Thus, this con- 
struction reduce a precision requirement for tocat* 
ing tte beam ccmtrol teyers. 

Referring to Rg. 11, arrather modified beam 
cwitrol layer G is shown. The beam control layer 
G is fonned by a meshed plate, so as to reduce 
the precision of positioning required for the beam 
control layer G . ff a mesh having sufficiently fine 
holes, when compared with the interval of struts is 
employed, the precision requirement for positioning 
fte beam control layer G* can be reduced. 

Furthermore, the meshed beam control layer 
G can absorb the difference, caused by the ther- 
mal expansion, between the beam control layer G* 
and struts S. diminishing adversely influence on 
the quality of display. 



Fourth Embodiment 

Referring to Fig. 12, a flat panel display device 
according to a fourth embodiment is shown which 
comprises a face plate 1 made of a transparent 
material, such as glass, an anode 3 deposited or* 
the face plate 1, and a fluorescent member 5 
deposited on the anode 3. The fluorescent member 
5 may be provided entirely over the anode 3 or in 
stripes. The flat panel display device further has a 
back plate 11 also made of glass and side viralls 13 
extending t>etween the face plate 1 arKf back plate 
11 arwl along the perimeter of the face and back 
plates so as to define an airtight bousing by a 
sealing member 15 applied at joints between the 
face plate 1 and side wall 13, and also between the 
back plate 11 and skJe wall 13. 

Cathode 9 Is formed by an metal embossed 
plate made of for example, tangsten, molybdenum, 
arKi is used as a fiekf emitter. 

Provided in the housing, particularly between 
face plate 1 and back plate 11 Is an intennediate 
spacing stnicture CL. ivhich comprises an conduc- 
tive plate 42 having an upper surface deposited 
with a semi-cylindrical bead 41 and a kywer surface 
deposited with a semi-cylindrical bead 41 such 
that semi-cylindrical beads 41 and 41 ' extend In 
parallel to and in oppo^ng relationship with each 
other. Conductive plate 42 is formed with tfwough- 
holes for permitting the electron beam to pass 
therethrough. The height of intermecfiate spacing 
structure CL having semi-cynndrical beads depos- 
ited on both surfaces is approximately equal to the 
height of side wall 13. Inside the housing defined 
by face and back plates 1 and 11 and side wall 13 
is vacuumed, so that by the atmospheric pressure. 



face and back plates 1 arKl 11 are forced towards 
each other, resulting in pressure contact of semi- 
cylindrfcal beads 41 and 4l' aganst the cathode 9 
and the anode 3 respectively. 

5 In operation, wfwn a power is turned on, each 

cathode 9 emits electrons toward the facing anode 
3 In response to the voltage applied tiiereto. When 
emitted etectrons Impinge on arxxfe 3, fluorescent 
member 5 emits Gght so as to provide an ilhimtnal- 

ro ing image on face plate 1, when viewed from a 
side in front of the face plate. 

Semi-cyDndrical beads 41 and 41* are made of 
electrical insulator by the technique of screen print- 
ing. 

75 Serni-cy!irKtrical beads 41 and 41* are made of 
insulator artd are locate on both sides of corKfuctwe 
plate 42 to provide a tong discharge path, DP 
(shown by a dotted line in Rg. 12), which woukJ be 
formed on the suriace of semi-cylindrical beads 41 
20 and 41 This distance will prevent the possible 
spark discharge Ijetween electrodes since increase 
of this distance by 100 um improves approximately 
1 KV of a withstand voltage when this distance is 
equal to or smaller than 2 mm. Even if a spark 
25 discharge takes place, conductive plate 39 sarKf- 
witched by semi-cylindrical beads 41 and 41* vrill 
receive such discharge current. Thus, a flat panel 
display device is protected from the occurrence of 
spark discharge between electrodes. 
30 Semi-cylindrical beads 41 and 41 ' improve the 

withstand voltage between cathode 9 and anode 3 
by providing a long distance path DP. 

Referring to Rg. 13, a modification of the fourth 
emtxxfiment is sliown, which is so arranged as to 
35 acquire tonger discharge path DP. According to 
this modification, seml-cyiirKlrical beads 43 arwl 44 
are ^ditk)hally formed on back plate 1 1 artd face 
plate 1. respectively. By the arrangement of Fig. 
13, improved withstarKi voltage cfiaracterislfcs can 
40 be obtained witfiout changing the size of semi- 
cylindrical beads or changing Its pitch. This can be 
obtained by inserting a hirther set of semi-cyl!r>- 
drical beads having a similar construction as tt»t 
described above between, for example, face plate 
45 1 and interrr)ediate spacir^g structure CL 

It will be apparent from the foregcung descrip- 
tion that the present invention, as described dtx>ve, 
acfiieves a stable withstartding voHage cfiaracteris- 
tics and a clear arKJ high quality image without 
50 having many influence, such as shading, by the 
struts or fhs semi-cylindrical beads. 



55 



Ctahns 

1. A flat panel display device comprisirrg: 
a fece plate made of transparent malarial; 
a back plate positioned parallel to said face plate; 
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a waD member extending between satd face plate 
ar^back plate around the j^meter theretrf to 
define an airtight housing: 

an airode prowded on an inner surface of said face 



a fluorescent Iay«- provided in assodatitm with said 
anode; 

a cathode provided in associafion with an inner 
surface of said back plate; and 
a phiranty of struts made of electrically conductive 
material tightfy held between said back plate and 
faceplate, 

wtefeby an electric charge accumulated between 
said anode and camode Is discharged by a leakage 
current ftowing through said stmts. 

2. A flat panel display device as claimed in Cteim 
1, wherein each of said struts have a spedftc 
resistance of 10^ to lO*'* 0*cm. 

3. A flat panel display devfce as cbfmed in Claim 
1. wher^n each of sakf struts is formed in a shape 
slmOar to thlmWe with a keen top so as to make a 
spot contact with said anode. 

4. A flat panel display device as claimed in Claim 
1. wherein said struts are fonned by the process of 
screen printing on saki back plate. 

5. A flat panel display device as claimed in Claim 
1. wherein said fluorescent layer has Bght emission 
s^npes and non^mission stripes occun^rra alter- 
natrvefy. 

6. A flat panel display device as claimed in Claim 
5. wherein said stmts are heW in contact with said 
^or^emission stripes. 

7. A flat panel display device as claimed in Claim 
Wierein said strut is made of a glass selected 
from a group of PbO, Pd-Ag, RuO? and Pt 

8. A flat panel display device as claimed In Claim 
■Kwherein said stmt has an outer surface covered 
with secondary electron emitting material. 

9. A flat panel display device as claimed in Claim 
^ wherein said secondary - electron emitting ma- 
terial Is glass. 

10. A flat panel display device compria'ng: 
a lace plate made of transparent material; 
a back plate positioned paraflel to said face plate- 
a wan member extending between said face pfate 
and back plate around the perimeter thereof to 
define an airt^ht bousing: 

a beam control layer inserted between said face 
plate and back plate; 

an anode provided on an inner ^itace of said face 
plate; 

a fhiorescent layer provided m association with said 
anode; 

a^thode provided in association with an inner 
surface of said back plate; and 
a plurality of stmts matte of electrically conductive 
material tightly heW between said beam control 
layer and face plate. 



whereby an electric charge accumulated between 
said anode and beam control layer is discharged 
by a leakage cunent flowing through said stmts. 
11. A flat panel display devfce as claimed in Claim 
5 10, wherein said stmts includes first stmts provided 
on sad beam control layer extending parallel to 
each other in first direction ar^f spaced a predeter- 
mir^ pitch, and second strute provided on said 
face plate extending parallel to each other in see- 
to ond drectfon, perpendicular to said first direction 
and spaced a predetennined pHch. so that struts* 
are heW in contact crossingly with each other at 
their tips. 

12. A fiat panel display devfce as claimed in Claim 
IS 11. wherein s»d stmts are separated. 

13. A flat panel display devk:e as claimed In Qaim 
11, further comprising a pturatrty of stmts made of 
electrically conductive material tightly hekf between 
said back plate and beam control layer. 

^ U. A flat panel display devk:e as claimed in Claim 
13, wherein said struts includes third struts pro^ 
vfded on said back plate extending pamlM to each 
other in first direction and spaced a predetennined 
pitch, and fourth struts provided on said beam 
25 control layer extending parallel to each other in 
second direction, perpendicular to said first direc- 
tion, and spaced a predetennined pHch. so that 
struts are heW in contact crossingly with each other 
at their tips. 

30 15. A flat panel display device as claimed in Claim 
14, wherein said struts are separated. 
16. A flat panel display device as claimed in Cla&n 
10. wherein each of said stmts have a specific 
resistance of 10^ to tO'*' 0*cm. 
35 17. A flat panel display devfce as claimed in Claim 
10, wherein each of said stmts is fonned in a 
shape similar to thimble with a keen top so as to 
make a spot contact with said anode. 

18. A flat panel display device as claimed in Claim 
^ 10, wherein said stmts are fonned by the process 

of screen printing on said face plate. 

19. A flat panel display devtee as claimed in Cl^ 
10, wherein said stmts are fonned by the pnxess 
of screen printing on sakJ back plate. 

45 20. A flat panel display devfce as claimed in Claim 
10, wherein said fluorescent layer has fight emis- 
sion stripes and non-emission stripes occumno a^ 
ternafively. 

21. A flat panel display device as claimed in Claim 

50 20. wt^ein said stmts are heW in contact with sakJ 
nor)-emission stripes. 

2a A flat panel display device as claimed in Qaim 
10, wherein said stmt Is made of a glass selected 
from a group of PbO, Pd-Ag. Ru02 and Pt 
55 23. A flat par^ display device as claimed in Claim 
1 0, wherein said ^ has an outer surface covered 
with secondary electron emitting material. 
24. A flat panel display devfce ^ dalmed in Claim 
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23, wherein said secondary electron OTitttng ma- 
terial \s glass. 

25. A flat panei display device comprising: 

a face plate made of transparent rr^lerial; 

a back plate po^tkmed parallel to said face plate; 5 

a wall memt)er extending between said face plate 

arttf bo* plate around the perimeter th^eof to 

define an airtight housing; 

first and second beam control layers placed one 

over the other and Inserted between said face plate 10 

and back plate; 

an anode provkJed on an Inner surface of said face 
plate; 

a fliKM-escent layer provided in association with said 
anode; ,5 
a cathode provided in assodation with said back 
plate; and 

a plurality of struts made of etectrfcally conductive 
material tightly held between sakJ first and second 
beam control layers, 20 
Yirhereby an electric charge accumulated between 
said first and second beam control layers is dis- 
charged by a leakage current flowing through said 
struts. 

23. A flat panel display device as claimed in Claim zs 
25, wherein said struts Includes fifth struts provided 
on said first beam control layer extending parallel 
to each other in first direction and spaced a pre- 
determined pitch, and sbcth Etnrts provkJed on sakJ 
second beam control layer extending parallel to 30 
each other in second directkm, perpendicular to 
said first direction, and spaced a predetermined 
pitch, so that stoils are held in contact cmssingly 
with each other at th^r tips. 

27. A flat panel display device as claimed rn Claim 3$ 
wherein said struts are separated. 

28. A flat panel display device as claimed in Claim 
25, wfierein each of said struts have a resistance of 
10^ to 10«> ohm. 

29. A flat panel display devfce as claimed in Claim 40 
25, wherein each of said stmts is fonned In a 
sh^ similar to thimble with a keen top so as to 
make a spot contact wfth saW anode. 

30. A fiat panel cfisplay device as claimed in Claim 

25, wherein said struts are formed by the process 45 
of screen printing at least on one of said first and 
second been conlrcrf layers. 

31. A flat panel display devfce as claimed in Claim 
25, wterein said fluorescent lay^ has light emis- 
sion stripes and nor>-emission stripes occuning al- so 
tematfvely. 

3^ A flat panel display devfce as claimed in Claim 
31. wherein said struts are heW in contact with said 
non-emisskm stripes. 

33. A fiat panel display device as claimed in Claim 55 
25, wherein said strut is matte of a glass selected 
from a group of Pl>0, Pd-Ag, RuO? and Pt 

34. A flat panel display device as claimed in Claim 



25, wherein said strut has an outer surface covered 
with secondary electron emitting materiaL 

35. A flat panel di^lay device as darned in Claim 
34, wherein said second^ electron emitting ma- 
terial is glass. 

36. A flat panel display device as claimed in Claim 
25, wherein at tea^ one of said first and second 
beaffn control layer is forn>e by a plate having a 
pturaTrty of sBts. 

37. A flat panel display device as daimed in Claim 
25, vriierein at least one of said first and second 
beam control layer is fomne by a meshed plate. 

38. A flat parcel display device comprising: 
a face plate made of transparent material; 

a back plate positioned parallel to said face plate; 
a wan member extending between said face plate 
and back plate around the perimeter thereof to 
define an ablight housing: 

a conductive plate made of electrically conductive 
material and inserted between said face plate and 
t>ack plate; 

an anode provided on an inner surface of said face 
plate; 

a fluorescent layer provided in association with said 
anode; 

a cathode provkted in assodation with an Inner 
surface of said back plate; 

a plurality of first semi-cylindrfcal beads made of 
electrically non-conductive material and mounted 
on or>e surface of said conductive plate and held 
tightly in contact with said back plate; and 
a plurality of second semi-cyfindrfcal beads made 
of electricalty non-conductive material and rTK>unted 
on another surface of said conductive plate and 
held tightly in contact with said face plate, 
whereby an electric charge accumulated fc)etween 
said anode and cathode is discharged along an 
outer surface of said first and second semi-cylir>- 
drical beads through said conductive plate. 
39. A flat p3r>el display device as claimed in Claim 
38, further ccwnprising: 

a pluraBty of third semi-cylindrical beads made erf 
electrically nor»-corKfuctwe material and mounted 
on said back plate and held tightly In contact wfth 
said first semk^ylindrteal beads; and 
a plurality of third semiK:ylirKfrical beads made of 
electrically non-conductive material and mounted 
on said face plate and heW tightly in contact with 
said second semi^lindrical beads. 
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